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Pre l im inary  t e c t o n i c  mapping o f  Venus from Venera 15/16 images shows 
unquestionable evidence o f  a t  l e a s t  l i m i  Led ho r i zon ta l  tectonism, Grav i ty -  
induced spreading and/or s l i d i n g  has been suggested as the  mechanism which 
caused t h e  motion of Laima Tessera ( f i g .  1) [1,2]; t h e  downslope movement o f  
the  Laima te r rane  was probably induced by a r i f t i n g  event along Sigrun 
Fossae, 
However, t h e  m a j o r i t y  o f  t e c t o n i c  features on Venus have no s i m i l a r  
r e l a t i o n  t o  topography. I n  fact,  many axes o f  d i s r u p t i o n  in terconnect ,  and 
cross sharp topographic boundaries a t  l a r g e  angles (commonly near 90°), 
thereby d iscount ing  g r a v i t y  as the d r i v i n g  force.  One type o f  d i s r u p t i o n  
zone, i n t e r p r e t e d  as extensional ,  i s  c h a i n - l i k e  se r ies  o f  paterae, such as one 
t h a t  fo l lows a NNW-trending topographic low near OOE, 50°N. The morphology 
and t e c t o n i c  s e t t i n g  o f  these paterae chains outwardly resemble models of 
propagating r i f t s  [3], These and o ther  types o f  extensi  ona1 zones (EZ's) t h a t  
inc lude Bezlea and Hera Dorsa, Sigrun Fossae, f rac tu res  no r th  of Kamari Dorsa, 
and two branches roughly para1 l e l  i n g  Lasdonna and Aranyani Chasmata ( f i g .  1) 
form p a r t  o f  a reg iona l  network. The network i s  d i f f i c u l t  t o  f o l  low beyond 
i t s  east end, near A l l a t  Dorsa; however, south o f  Bezlea/Hera Dorsa, beyond 
t h e  Venera coverage, Pioneer Venus a l t i m e t r y  i n d i c a t e s  t h a t  t h i s  system of 
EZ's may cont inue as f a r  south as westernmost Aphrodite Terra, probably 
l i n k i n g  w i t h  t h e  near-equator ia l  r i f t  system [4], Arecibo images o f  the  
southern hemisphere (near 325OE) a l so  suggest t he  presence o f  EZ's, f u r t h e r  
imp ly ing  a g lobal  d i s t r i b u t i o n  and a c l o s e r  analogy t o  m u l t i  -p la te  tectonism 
than t o  s ing le -p la te  tectonism. The idea t h a t  EZ's r e f l e c t  deep c r u s t a l  
movements, t he re fo re  suggest ing t h a t  mantle drag i s  a t  work, i s  bo l s te red  by 
t h e i r  tendency t o  co inc ide  w i t h  r e l a t i v e  lows even where they cross lowlands 
-- a s i t u a t i o n  i nconduci ve t o  g r a v i t y  t e c t o n i  sm. Quan t i t a t i ve  ana lys is  of 
s t ress  f i e l d s  w i t h i n  the  EZ's may be d e r i v a b l e  from "arachnoids" [5] which a r e  
i n t e r p r e t e d  as volcanoes whose r a d i a l  d ikes conformed t o  t h e  d i f f e r e n t i a l  
s t ress  f i e l d  associated w i t h  the  extension. 
Compressional zones (CZ's), u n l i k e  EZ's s, tend t o  be discont inuous, and, 
whereas E Z ' s  cross t e c t o n i c  and topographic boundaries a t  var ious angles, many 
CZ's on Venus are  subpara l l e l  t o  these boundaries. Many o f  t he  l a r g e  f o l d  
b e l t s  ( I t z p a p a l o t l  Tessera; Semuni, Kamari, and o ther  dorsa) occur at,  and 
p a r a l l e l  t o ,  t h e  boundary between tesserae and adjacent p la ins ,  which i s  
s i m i l a r  t o  the  tendency of Ea r th ' s  mobi le  b e l t s  t o  make a shal low angle w i t h  
cont inenta l  -oceanic c r u s t  boundaries [6]. I f  t h i s  analogy i s  c a r r i e d  one s tep  
fu r the r ,  the  qu i l two rk  appearance o f  Fortuna Tessera i s  reminiscent  of t h e  
accre t ionary  growth model f o r  cont inents  [7]. Also, many major t e c t o n i c  
features i n t e r s e c t  at ,  o r  t r a c e  out, -120° angles, a common angle of 
i n t e r s e c t i o n  fo r  r i f t  systems and j unc t i ons  on m u l t i - p l a t e  Earth. I n  t h e  
study area, EZ's and CZ4s tend t o  occur i n  p a i  r s  a t  -60° angles t o  one another 
(Sigrun Fossae and Ausra Dorsa, f o r  example), bu t  t he  s i g n i f i c a n c e  of t h i s  i s  
unclear  a t  present. 
S t r i  ke-sl  i p  f a u l t i n g  i s  cu r i ous l y  l a c k i n g  from our mapping, poss ib l y  due 
t o  the  steep inc idence angle of the radar, which i s  f a r  from opt imal f o r  
de tec t i ng  f a u l t s  o f  small throw. A probable r i g h t - l a t e r a l  f a u l t  occurs i n  
western Clotho Tessera. Possib le shear zones i nc lude  t h e  southwest terminus 
o f  Fortuna Tessera, and t h e  southwest boundary o f  I t z p a p a l o t l  Vessera, The 
chasmata o f  Lai ma Tessera may a1 so de l  i neate zones of re1 a t i  ve d i  sp l  acement ; 
these chasmata a re  s i m i l a r  'in many respects t o  oceanic f r a c t u r e  zones (Re 
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Korak, work i n  prgress).  
A chronology o f  h o r i z o n t a l  c r u s t a l  movements, and hence t h e  ana lys is  of 
VenusYhermal  development, i s  l a r g e l y  dependent on understanding the  c r a t e r -  
form features, The Venera SAR and a l t i m e t e r  reso lu t i ons  are i n s u f f i c i e n t  t o  
permi t  accurate d i  s t i  n c t i  on between impact and vol  cano-tectoni c  c r a t e r s  based 
s o l e l y  on morphometry [8,9]. Therefore a n c i l l a r y  data must be used t o  achieve 
an accurate ana lys is  o f  Venus' t e c t o n i c  h i s t o r y :  data such as morphologic 
d e t a i l s ,  geologic associat ions,  ch ronos t ra t i g raph ic  pos i t ion ,  and 
d i s t r i b u t i o n .  This type o f  approach was used t o  argue a  vo lcan ic  o r i g i n  f o r  
Cleopatra Patera [lo]. Based on s imi  l a r  arguments, several o the r  c ra te rs  (15- 
100 km i n  diameter) p rev ious l y  suggested as impact [ll; Ivanov, B.A., personal 
comm. ] may not be ; Zhi 1  ova, Koi du 1  a, Potani na, Josef i na, Jadwi ga, G I  o r i  a, 
Tsvetayeva, and Dashkova, f o r  example. Also, t he re  i s  an unusual dens i ty  of 
volcano-tectoni c  depressions and impact-1 i ke c r a t e r s  w i t h i n  t h e  E Z ' s  where 
they cross the low p la ins .  Depressions are gradat ional  from broad shal low 
paterae t o  sharp-rimmed impact-1 i ke cra ters ,  i n c l u d i  ng some paterae w i t h  
cen t ra l  peaks. This suggests t h a t  some o f  t he  impact - l i ke  c r a t e r s  may be 
endogenic. It i s  u n l i k e l y  t h a t  t h e  EZ c r a t e r s  a re  remnants of an o l d e r  
popu la t ion  o f  impact c ra ters ,  as a t  l e a s t  one segment of t h e  EZ network 
d i s rup ts ,  and i s  t he re fo re  younger than, tessera conspicuously vo id  of 
c ra ters .  Other surfaces a1 so exhi  b i t  unusual size-densi ty d i s t r i b u t i o n s  of 
c ra te rs :  c ra te rs  on Lakshmi Planum are  unusual ly  small (19 km mean d iameter)  
and l i m i t e d  i n  s i z e  (a  = 7.2 km) f o r  an area w i t h  such a  r e l a t i v e l y  h igh  
c r a t e r  densi ty .  Likewise, t h e  mean diameter o f  c r a t e r s  on f o l d  b e l t s  i s  33 km 
(0 = 11 km), and on l a r g e  vo lcan ic  cons t ruc ts  i s  73 km (a = 32 km). The few 
c r a t e r s  a v a i l a b l e  so f a r  f o r  count ing  make these comparisons very p re l im ina ry  
and sub jec t  t o  f u r t h e r  t e s t i n g ;  but  even i f  the  number o f  these c r a t e r s  t h a t  
a re  vo lcan ic  i s  only  a  small f r a c t i o n  o f  t he  t o t a l ,  impact c r a t e r  dens i t i es  
w i t h i n  smal l  t e c t o n i c  regions are nonetheless so low t h a t  t h e i r  use f o r  
r e l a t i v e  da t i ng  w i l l  be o f  marginal use on Venus, r e q u i r i n g  a  heavy r e l i a n c e  
on care fu l  image i n t e r p r e t a t i o n .  
Regard1 ess o f  t h e i  r unce r ta i  n  o r i  g in,  t he  c r a t e r s  s t i  11 cou ld  h o l d  ' the 
answer t o  whether, and t o  what extent ,  c r u s t a l  s h u f f l i n g  i s  occu r r i ng  on 
Venus, Recent i n t e r p r e t a t i o n  o f  about 150 o f  t h e  c ra te rs  as impact fea tures  
may t r a n s l a t e  t o  a  "750-m,y. mean sur face age f o r  Venus [5,11,12]. However, 
such age determinat ions are  s e n s i t i v e  t o  est imates o f  the  a s t e r o i d  f l u x  ra te ,  
s e l e c t i o n  of an appropr ia te  c ra te r -p roduc t i on  curve, and the  r e l a t i v e  
c o n t r i b u t i o n  o f  comets t o  t h e  c r a t e r i n g  record, a l l  o f  which are  c u r r e n t l y  i n  
d ispute;  Schaber e t  a l e  ( t h i s  volume) suggest a  mean sur face age poss ib l y  as 
low as -100 m.y. The o l d e r  age would v i n d i c a t e  models t h a t  suggest tectonism 
on Venus shut down about 500 m,y. ago, wheras t h e  younger age would c l e a r l y  
imply ongoing resur fac ing  -- a  view i m p l i e d  by our  mapping. 
REFERENCES 
[l]Kozak, R.C., and Schaber, G.G, , 1986, Abs. 17th LPSC: 444-445. [2]Sukhanov, 
A. L., 1986, Geotektoni ka, 1986(4) : 60-76, [3]Bosworth, W., 1985, Nature, 316: 
625-627, [4]Schaber, G.G,, 1982, Geoph. Res. Ltrs. ,  9(5) : 499-502. 
[5]Barsukov, V.L., e t  a l e ,  1984, Geokhimiya, 12: 1811-1820. [6]Gasti 1, G., 
1960, 21st I n t .  Geol. Cong,, Norden, pt.9: 162-169. [7]Wilson, J.T., 1959, Am. 
Sci., 47: 1-24. [8]Pike, R,J., 1974, Ear th  Plan. Sci. Letrs., 22: 245-255. 
[9]BVSP, 1981, Basal t i c  Volcanism on the  T e r r e s t r i a l  Planets, 745; Pergamon, 
1286 p. [lO]Schaber, G.G., e t  a1 . , 1986, Abs, 17th LPSC: 762-763. [11]Ivanov, 
B.A,, e t  a l e ,  1986, Jour, Geophys, Res., 91(B4) : D413-430. [lZ]Bazi l e v s k i y  , 
A.T., e t  al,, 1986, Doklady Akademii Mauk CCCP, 282(3): 671-674. 

